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Abstract
©  2018  American  Chemical  Society.  The  physical  simulation  of  heavy  oil  catalytic
aquathermolysis with different chemical compositions from deposits located in the Tatarstan
Republic, Russia (Ekaterinovsky oil, B2 type, and Olimpiadovsky oil, A1 type), was designed. The
catalytic aquathermolysis processes were conducted at a temperature of 300 °C in the presence
of a rock-forming additive - kaolin (the content of montmorillonite was 44%), and catalysts
composed of transition metal (Fe, Co, and Cu) carboxylates. The environment of the processes
was a mixture of carbon dioxide and water vapor. The distinctive features of hydrothermal-
catalytic  conversion  of  various  oil  types  are  evaluated  by  fractional,  structural-group,
microelement compositions, and H:C ratio changes. These variations are due to initial properties
of crude oils and the activation degree of destruction reactions on C-C, C-N, C-O, and C-S bonds
leading to different levels of increase of saturated fractions content and decrease of resins and
asphaltenes content  in  the products  of  experiments.  By the thermal  analysis  method,  the
assessment of potential content of the oil on a solid sorbent before and after experiments was
carried out.  The high-molecular-weight  components  of  the naphthene-aromatic  B2 type oil
revealed greater adsorption capacity to the rocks, in comparison with the oil of the A1 type.
Therefore, the adsorption of catalyst components on rocks is also greater.
http://dx.doi.org/10.1021/acs.energyfuels.8b00347
References
[1] Yusupova, T. N.; Ganeeva, Y. M.; Romanov, G. V.; Barskaya, E. E.; Morozov, V. I.; Okhotnikova, E. S.; Vakhin, A.
V. Change in the structural-group composition of bitumen asphaltenes upon thermal bitumen recovery. Pet.
Chem. 2017, 57 (3), 198-202, 10.1134/S0965544117020256
[2] Eletskii, P. M.; Sosnin, G. A.; Zaikina, O. O.; Kukushkin, R. G.; Yakovlev, V. A. Heavy oil upgrading in the
presence of water. J. Sib. Fed. Univ., Chem. 2017, 10, 545-572, 10.17516/1998-2836-0048
[3] Murakawa, T.; Fujimoto, K.; Tominaga, H. Selective Thermal Cracking of Heavy Oil (Part 5) Selective Thermal
Cracking of Kuwait Atmospheric Residue using CO Shift Reaction. J-STAGE. Sekiyu Gakkaishi 1987, 30 (6), 418-
423, 10.1627/jpi1958.30.418
[4] Feoktistov, D. A.; Kayukova, G. P.; Vakhin, A. V.; Sitnov, S. A. Catalytic aquathermolysis of high-viscosity oil
using iron, cobalt and copper tallates. Chem. Technol. Fuels Oils 2018, 53 (6), 905-912, 10.1007/s10553-01-
-0880-4
[5] Kayukova, G. P.; Mikhailova, A. M.; Feoktistov, D. A.; Morozov, V. P.; Vakhin, A. V. Conversion of the Organic
Matter of Domanic Shale and Permian bituminous Rocks in Hydrothermal Catalytic processes. Energy Fuels
2017, 31 (8), 7789-7799, 10.1021/acs.energyfuels.7b00612
[6] Maity, S. K.; Ancheyta, J.; Marroquín, G. Catalytic Aquathermolysis Used for Viscosity Reduction of Heavy Crude
Oils: A Review. Energy Fuels 2010, 24, 2809-2816, 10.1021/ef100230k
[7] Nikolaev, V. F.; Foss, L. E.; Shageev, A. F.; Nafikov, A. A.; Amerhanov, M. I.; Barskaya, E. E.; Ganeeva, Y. M.;
Ibatullin, R. R.; Romanov, G. V. Integral extraction-wettability criteria of the effectiveness of industrial solvents
used for enhanced oil recovery. Pet. Sci. Technol. 2017, 35 (9), 851-855, 10.1080/10916466.2017.1279177
[8] Morimoto, M.; Sugimoto, Y.; Saotome, Y.; Sato, S.; Takanohashi, T. Effect of supercritical water on upgrading
reaction of oil sand bitumen. J. Supercrit. Fluids 2010, 55 (1), 223-231, 10.1016/j.supflu.2010.08.002
[9] Chen, Y.; Wang, Y.; Wu, C.; Xia, F. Laboratory Experiments and Field Tests of an Amphiphilic Metallic Chelate
for Catalytic Aquathermolysis of Heavy Oil. Energy Fuels 2008, 22 (3), 1502-1508, 10.1021/ef8000136
[10] Chao, K.; Chen, Y.; Liu, H.; Zhang, X.; Li, J. Laboratory Experiments and Field Test of a Difunctional Catalyst for
Catalytic Aquathermolysis of Heavy Oil. Energy Fuels 2012, 26 (2), 1152-1159, 10.1021/ef2018385
[11] Fan, H.; Zhang, Y.; Lin, Y. The Catalytic Effects of Minerals on Aquathermolysis of Heavy Oils. Fuel 2004, 83,
2035-2039, 10.1016/j.fuel.2004.04.010
[12] Wu, C.; Su, J.; Zhang, R.; Lei, G.; Cao, Y. The Use of a Nano-nickel Catalyst for Upgrading Extra-heavy Oil by an
Aquathermolysis Treatment Under Steam Injection Conditions. Pet. Sci. Technol. 2013, 31 (21), 2211-2218,
10.1080/10916466.2011.644016
[13] Kayukova, G. P.; Petrov, S. M.; Uspensky, B. V. Properties of heavy oils and bitumen of Permian deposits of
Tatarstan in natural and technogenic processes; GEOS: Moscow, 2015; p 343.
[14] Petrukhina, N. N.; Kayukova, G. P.; Romanov, G. V.; Tumanyan, B. P.; Foss, L. E.; Kosachev, I. P.; Musin, R. Z.;
Ramazanova, A. I.; Vakhin, A. V. Conversion Processes for High-Viscosity Heavy Crude Oil in Catalytic and
Noncatalytic Aquathermolysis. Chem. Technol. Fuels Oils 2014, 50 (4), 315-326, 10.1007/s10553-014-0528-y
[15] Kayukova, G. P.; Foss, L. E.; Feoktistov, D. A.; Vakhin, A. V.; Petrukhina, N. N.; Romanov, G. V. Transformations
of Hydrocarbons of Ashal'hinskoe Heavy Oil under Catalytic Aquathermolysis Conditions. Pet. Chem. 2017, 57
(8), 657-665, 10.1134/S0965544117050061
[16] Kayukova, G. P.; Gubaidullin, A. T.; Petrov, S. M.; Romanov, G. V.; Petrukhina, N. N.; Vakhin, A. V. The changes
of Asphaltenes Structural-Phase Characteristics in the Process of Conversion of Heavy Oil in the Hydrothermal
Catalytic System. Energy Fuels 2016, 30 (2), 773-783, 10.1021/acs.energyfuels.5b01328
[17] Tumanyan,  B.  P.;  Petrukhina,  N.  N.;  Kayukova,  G.  P.;  Nurgaliev,  D.  K.;  Foss,  L.  E.;  Romanov,  G.  V.
Aquathermolysis  of  crude  oils  and  natural  bitumen:  chemistry,  catalysts  and  prospects  for  industrial
implementation. Russ. Chem. Rev. 2015, 84 (11), 1145-1175, 10.1070/RCR4500
[18] Jiang, S.; Liu, X.; Zhong, L. In Situ Upgrading Heavy Oil by Aquathermolytic Treatment under Steam Injection
Conditions. In SPE International Symposium on Oilfield Chemistry, The Woodlands, TX, Feb 2-4, 2005; SPE:
Richardson, TX, 2005; SPE 91973.
[19] Khisamov, R. S.; Bazarevskaya, V. G.; Timirov, D. A.; Bazarevskaya, N. I. Oil in non-conventional reservoirs of
Tatarstan.  In  SPE  Russian  Oil  and  Gas  Exploration  and Production  Technical  Conference  and Exhibition,
Moscow, Oct 14-16, 2014; SPE: Richardson, TX, 2014; Paper No. SPE-171164-RU.
[20] Muslimov, R. H. Innovative Development of the Oil and Gas Sector of the Old Oil-producing Areas Using the
Accumulated Experience (by the Example of the Republic of Tatarstan). Neft. Khoz. 2014, 10, 74-78
[21] Kadiev, Kh. M.; Khadzhiev, S. N.; Kadieva, M. Kh. Synthesis and use of polyfunctional catalyst nanoparticles for
hydroconversion of natural bitumen. Pet. Chem. 2013, 53 (5), 298-308, 10.1134/S0965544113050034
[22] Sahu, R.; Song, B. J.; Im, J. S.; Jeon, Y.-P.; Lee, C. W. A review of recent advances in catalytic hydrocracking of
heavy residues. J. Ind. Eng. Chem. 2015, 27, 12-24, 10.1016/j.jiec.2015.01.011
[23] Vakhin, A. V.; Sitnov, S. A.; Mukhamatdinov, I. I.; Onishchenko, Y. V.; Feoktistov, D. A. Aquathermolysis of High-
Viscosity Oil in the Presence of an Oil-Soluble Iron-Based Catalyst. Chem. Technol. Fuels Oils 2017, 53 (5), 666-
674, 10.1007/s10553-017-0848-9
[24] Kayukova, G. P.; Feoktistov, D. A.; Mikhailova, A. N.; Kosachev, I. P.; Musin, R. Z.; Vakhin, A. V. Influence of the
Nature  of  Metals  and  Modifying  Additives  on  Changes  in  the  Structure  of  Heavy  Oil  in  a  Catalytic
Aquathermolysis System. Pet. Chem. 2018, 58 (3), 190-196, 10.1134/S0965544118030118
[25] Urazaev, V. Technologies in the electronic industry. Solvents 2006, 1, 44-49. In Russian.
[26] Kök, M. V. Recent developments in the application of thermal analysis techniques in fossil fuels. J. Therm. Anal.
Calorim. 2008, 91 (3), 763-773, 10.1007/s10973-006-8282-y
[27] ASTM  D  4124-09.  Standard  Test  Method  for  Separation  of  Asphalt  into  Four  Fractions;  ASTM:  West
Conshohocken, PA.
[28] Svarovskaya,  L.  I.;  Filatov,  D.  A.;  Gerelmaa,  T.;  Altunina,  L.  K.  IR  and  1H  NMR  assessments  of  the
biodegradation of oil. Pet. Chem. 2009, 49 (2), 136-141, 10.1134/S0965544109020066
[29] Grin'ko, A. A.; Golovko, A. K. Fractionation of resins and asphaltenes and investigation of their composition and
structure  using  heavy  oil  from  the  Usa  field  as  an  example.  Pet.  Chem.  2011,  51  (3),  192-202,
10.1134/S0965544111030066
[30] Biktagirov, T.; Gafurov, M.; Mamin, G.; Gracheva, I.; Galukhin, A.; Orlinskii, S. In Situ Identification of Various
Structural Features of Vanadyl Porphyrins in Crude Oil by High-Field (3.4 T) Electron-Nuclear Double Resonance
Spectroscopy Combined with Density Functional Theory Calculations. Energy Fuels 2017, 31 (2), 1243-1249,
10.1021/acs.energyfuels.6b02494
[31] Barwise, A. J. G. Role of Nickel and Vanadium in Petroleum Classification. Energy Fuels 1990, 4 (6), 647-652,
10.1021/ef00024a005
[32] Gafurov, M. R.; Volodin, M. A.; Rodionov, A. A.; Sorokina, A. T.; Dolomatov, M. Yu.; Petrov, A. V.; Vakhin, A. V.;
Mamin, G. V.; Orlinskii, S. B. EPR study of spectra transformations of the intrinsic vanadyl-porphyrin complexes
in heavy crude oils with temperature to probe the asphaltenes' aggregation. J. Pet. Sci. Eng. 2018, 166, 363-
368, 10.1016/j.petrol.2018.02.045
[33] Yusupova, T. N.; Petrova, L. M.; Ganeeva, Yu. M.; Lifanova, E. V.; Romanov, G. V. Use of thermal analysis in
identification of tatarstan crude oils. Pet. Chem. 1999, 39 (4), 227-232
[34] Varfolomeev, M. A.; Nagrimanov, R. N.; Samatov, A. A.; Rakipov, I. T.; Nikanshin, A. D.; Vakhin, A. V.; Nurgaliev,
D. K.; Kok, M. V. Chemical evaluation and kinetics of Siberian, north regions of Russia and Republic of Tatarstan
crude oils. Energy Sources, Part A 2016, 38 (8), 1031-1038, 10.1080/15567036.2015.1107866
[35] Varfolomeev, M. A.; Nagrimanov, R. N.; Galukhin, A. V.; Vakhin, A. V.; Solomonov, B. N.; Nurgaliev, D. K.; Kok,
M. V. Contribution of thermal analysis and kinetics of Siberian and Tatarstan regions crude oils for in situ
combustion process. J. Therm. Anal. Calorim. 2015, 122 (3), 1375-1384
[36] Shah, A.; Fishwick, R.; Wood, J.; Leeke, G.; Rigby, S.; Greaves, M. A review of novel techniques for heavy oil and
bitumen extraction and upgrading. Energy Environ. Sci. 2010, 3, 700-714, 10.1039/b918960b
[37] Schwark, L.; Frimmel, F. Chemostratigraphy of the Posidonia Black Shale, SW-Germany 11. Assessment of
extent and persistence of photic-zone anoxia using arylisoprenoid distributions. Chem. Geol. 2004, 206, 231-
248, 10.1016/j.chemgeo.2003.12.008
[38] Kayukova, G. P.; Foss, L. E.; Feoktistov, D. A.; Vakhin, A. V.; Petrukhina, N. N.; Romanov, G. V. Transformations
of Hydrocarbons of Ashal'hinskoe Heavy Oil under Catalytic Aquathermolysis Conditions. Pet. Chem. 2017, 57
(8), 657-665, 10.1134/S0965544117050061
[39] Salih,  I.  Sh.  S.;  Mukhamatdinov,  I.  I.;  Garifullina,  E.  I.;  Vakhin,  A.  V.  Study of  Fractional  Composition of
Asphaltenes in Hydrocarbon Material.  Chem. Technol.  Fuels Oils 2018, 54 (1),  44-50, 10.1007/s10553-01-
-0896-9
